This article synthesizes information on marine and estuarine release programs in (Blankenship and Leber, 1995; Lorenzen et al., 2010) 
INTRODUCTION
Australia has the third largest exclusive economic zone but ranks about 50th in terms of commercial fisheries production (Taylor et al., 2005b) . In 2008/2009, a total volume of ∼ 238,000 tonnes was landed from Australian waters, comprising 173,142 tonnes from capture fisheries (73%) and 69,600 tonnes from aquaculture (27%; ABARE, 2010; Table 1 ). The most recent Australia-wide information on recreational fishing was collected in 2000, and at this time, the catch from the recreational sector was estimated to exceed that of commercial fisheries (Henry and Lyle, 2003) . The total production of Australian fisheries is still low, due largely to the relatively low productivity of Australia's coastal and oceanic waters, which is thought to arise from nutrient limitation (Rochford, 1979) . Exceptions to this general rule of low productivity include the waters of tropical coral reefs, cool-water temperate reefs, and estuaries, all of which represent concentrated, highly productive zones within Australia's vast largely unproductive aquatic resources. Dealing with the unique attributes of Australian fish and fisheries has called for innovative fisheries research and management, which includes collaboration between diverse groups such as defense, intelligence, academic, and scientific personnel (Rivett, 1939; Kesteven, 1960) . In the latter half of the 20th century, such innovation has included the enhancement of fisheries production through the release of fish into freshwater, estuarine, and marine environments. Marine stock enhancement was originally defined as the release of artificially propagated fish to utilize the natural production in the sea (Blaxter, 2000) . Until recently, the terms stocking, restocking, stock enhancement, supplementation, sea ranching, sea farming, reseeding, culture-based fisheries, or just enhancement have often been used interchangeably to describe management interventions in coastal fisheries as disparate as restoring spawning biomass, where severe overfishing has occurred, to increasing yields through "put, grow, and take" operations. This shortcoming was recognised at the Third International Symposium for Stock Enhancement and Sea Ranching (3rd ISSESR) , and the release of cultured individuals in marine and brackish waters was defined in three main categories: restocking, stock enhancement, and sea ranching (Bell et al., 2008) . Restocking was defined by Bell et al. (2008) as the release of cultured juveniles into wild population(s) to restore severely depleted spawning biomass to a level where it can once again provide regular, substantial yields. This is often accompanied by management interventions to reduce fishing effort. Restocking includes releases with the objectives of re-establishing a commercial species where it is locally extinct due to overfishing and the release of juveniles reared in "conservation hatcheries" to help restore endangered or threatened species. Stock enhancement was defined as the release of cultured juveniles into wild population(s) to augment the natural supply of juveniles and optimize harvests by overcoming recruitment limitation. Finally, sea ranching was defined as the release of cultured juveniles into marine and estuarine environments for subsequent growth and harvest, with no intention that the released animals should contribute to the spawning biomass (though this can occur). This type of release is also known as a "put, grow, and take" operation (Bell et al., 2008) .
Australia has been at the forefront of fisheries enhancement research and development for almost 20 years, covering a range of species of fish and shellfish (Taylor et al., 2005b) . Consequently, contributions from Australian researchers have featured prominently at all four of the International Symposia for Stock Enhancement and Sea Ranching (ISSESR; Howell et al., 1999; Leber et al., 2004; Bell et al., 2008; Lorenzen et al., 2013) , as well as various other symposia in the field throughout the last two decades (e.g., Travis et al., 1998; Bell et al., 2006) . The initial work presented at the first of these symposia involved research into the release of barramundi Lates calcarifer (Rimmer and Russell, 1998; Russell et al., 2004) and general genetic marking techniques (Shaklee and Bentzen, 1998) , brown tiger prawn Penaeus esculentus (Rothlisberg et al., 1999) , and black bream Acanthopagrus butcheri (Lenanton et al., 1999) . At subsequent symposia, advances in research have continued to be presented on these species and new research on species, such as the southern rock lobster Jasus edwardsii, greenlip abalone Haliotis laevigata, and mulloway Agyrosomus japonicus (Loneragan et al., 2004 Mills et al., 2004; Prince, 2004; Russell et al., 2004; Gardner et al., 2006; Gardner and Van Putten, 2008a,b; Potter et al., 2008; Taylor and Suthers, 2008; Taylor et al., 2013a,b) . Despite the depth of research in marine stock enhancement, restocking, and sea ranching in Australia, largerscale, continuing release programs of fisheries for enhancement and restocking, like those in other countries, such as Japan, China, the United States, Canada, and Norway, have not yet been implemented.
Recently, a number of states in Australia have introduced license fees for recreational fishing in estuarine and marine waters, which provides a potential source of funding for research and development and the enhancement of recreational fisheries.
In addition, several states are developing policies for stock enhancement and restocking. These initiatives provide the basis for the development of larger release programs than has been possible in the past. The main objectives of this review are to synthesize the research and development on marine stock enhancement and restocking in Australia and to identify the directions for future release programs as we advance into a new era of investment in fisheries research. The specific aims of the review are as follows.
1. Review developments in aquaculture technology in Australia as they relate to marine stock enhancement and sea ranching. 2. Assess the evidence for recruitment limitation and the justification for marine stock enhancement and sea ranching in Australia. 3. Review marine stock enhancement, restocking, and sea ranching in Australia, with a focus on key developments and innovations in recent years. 4. Synthesize this information into a widely applicable research and development framework to discuss the opportunities and future directions for research on the release of cultured juveniles in Australia.
AQUACULTURE PRODUCTION IN AUSTRALIA
In 2008/2009, Australian aquaculture produced a total of 69,600 tonnes of fish, crustaceans and molluscs with a value of US$878 million 1 (Table 1) . In 2011, Australia was ranked as the 47th largest aquaculture producer in the world (FAO, 2011) . The Australian aquaculture is small compared with that of China, the leading aquaculture producer in the world, who produced 32.7 million tonnes in the same year.
With the exception of edible oysters, which have been grown in Australia for more than 100 years, most aquaculture production developed in the 1980s (prawns, salmon) or 1990s (tuna) (Battaglene and Fielder, 1997) . Australian aquaculture production has grown from a low base of less than 10,000 tonnes with a value of US$53 million in 1989 to 69,600 tonnes with a value of US$878 million in 2009. By far the fastest growing and largest aquaculture sector in Australia by both volume and value is salmon production in Tasmania (predominantly the Atlantic salmon Salmo salar, Table 1 ). This is followed by southern bluefin tuna (Thunnus maccoyii, which involves cage culture of wild-sourced stock), edible oysters (mainly the Sydney rock oyster Saccostrea glomerata and the Pacific Oyster Crassostrea gigas), pearl oysters, and prawns (i.e., shrimp, mainly the black tiger prawn Penaeus monodon with some Kuruma prawn Penaeus japonicus, Brown tiger Penaeus esculentus, and Banana prawn Penaeus merguiensis). Only the production of salmon, tuna, and edible oysters was close to, or exceeded, 10,000 tonnes in 2009 (ABARE, 2010) . 1 Note that values have been converted from AU$ at the rate of US$1.02 to AU$1.00.
Although the highest production and value of the five top aquaculture groups account for over 85% of the Australian production, numerous other species are grown on smaller scales. Such species include barramundi Lates calcarifer (Table 1) , abalone Haliotis laevigata (640 tonnes valued at US$23 million), and mussels Mytilus edulis (3,360 tonnes valued at US$9 million) (ABARE, 2010) . Although the microalgae Dunaliella salina is also cultured for β-carotene in Australia, no production figures are available for this industry sector. With the exception of abalone, most product is sold on the domestic market.
In general, the costs of aquaculture production in Australia are high compared with those in developing countries. This is due primarily to the relatively high costs of land, infrastructure, wages, utilities, and transport. A key exception to this is the culture of Atlantic salmon, which represents the largest scale of production in Australia (25,603 tonnes) but where the cost of production approach those of world benchmarks. As a result of these considerations, Australian aquaculture focuses primarily on producing and marketing high-value and high-quality products that often require niche markets to be competitive.
The very large-scale aquaculture industry in China and relatively low labor costs have created the basis for a ready supply of cheap, hatchery-reared juveniles to be used in enhancement, restocking, and sea ranching and the development of very large-scale programs, such as those for Chinese shrimp Penaeus orientalis (Wang et al., 2006; Wang, X., Yellow Sea Fisheries Research Institute, unpubl. data) . The much smaller-scale and higher costs of aquaculture production in Australia mean that the costs of production of juveniles for release in the wild, like those for blue crab Callinectes sapidus in the United States (Hines, A, Smithsonian Environmental Institute, pers. comm.), are also much higher than those in China.
Despite elevated costs of production, the production of hatchery-reared recruits for release programs provides another niche market for aquaculture product in Australia. Many of the difficulties and complexities that contribute to the cost of Australian aquaculture are associated with grow-out and culture to a marketable size (e.g., plate size). Often, this involves a diversity of expensive diets and rearing techniques for grow out (e.g., Rimmer et al., 1994) that detract from the overall profitability of grow out. Recent developments in extensive methods within Australia have largely overcome previous barriers to production after the post-larval phase (Battaglene and Fielder, 1997) , and many species can now be reared to the fingerling stage (Taylor et al., 2005b) . The potential for stock enhancement, restocking, and sea-ranching programs in Australia may further stimulate the aquaculture industry by providing alternative markets for product. The relatively rapid production phase between spawning and release-sized fingerlings for many species may further enhance investment in Australian aquaculture. This is principally because companies will be less reliant on income generated through the long and risk-laden grow-out of product to larger "plate" sizes, providing some balance of the risk between these two phases of production.
RECRUITMENT LIMITATION AND THE NEED FOR STOCK ENHANCEMENT IN AUSTRALIA
Stock enhancement, restocking, and sea ranching all depend on the productive capacity of natural systems to support the release of additional individuals produced from aquaculture. All three forms of release assume implicitly that the wild population has not provided enough recruits to fully utilize the available production in the target ecosystem; i.e., the population is recruitment limited (e.g., Doherty, 1999; Bell et al., 2005) . The assumption of recruitment limitation is, however, rarely investigated quantitatively before releases are undertaken. Over the last half-century, potential causes of recruitment variability have been discussed at length. Much of the debate concentrates on the stage in an organisms lifecycle, where recruitment levels are effectively established (Bailey and Houde, 1989) . The wellgrounded concepts of supply-side ecology and match-mismatch provide a strong theoretical foundation on which to consider fish releases in light of recruitment limitation. While these concepts consider such factors as spawning magnitude, advection, and mortality, the emphasis often has been on factors associated with mortality (Underwood and Fairweather, 1989) and studies of site-attached coral reef species and sessile invertebrates (e.g., Doherty and Fowler, 1994; Hughes et al., 2000; Navarrete et al., 2005) . Spawning magnitude and advection processes may also contribute significantly to the potential for recruitment limitation in coastal and estuarine species in Australia.
The coastal zone of eastern Australia is dominated by a complex network of estuarine systems (Roy et al., 2001 ) and a prevailing poleward flowing current (the Eastern Australian Current [EAC]) with strong seasonality in current strength (Cresswell et al., 1983) . The southward flowing Leeuwin Current on the west coast of Australia has a similar influence on the oceanography and recruitment of species along this coast to that of the EAC on the east coast. Many of Australia's estuarine species use both estuaries and coastal oceanic waters during their lifecycle. Many important commercial and recreational species are thought to spawn in outer-estuarine and coastal waters, then undergo a period of pelagic larval development before recruiting back to the estuary and settling in estuarine habitat (see Neira et al., 1998) . For example, yellowfin bream Acanthopagrus australis spawn at surf bars in coastal waters (Pollock, 1982) , then persist as larvae in the coastal plankton (Gray, 1993 ) before recruiting to estuarine seagrass habitats (Gray et al., 1998) . This series of life-history stages and ontogenetic dispersal are also seen in other commercially and recreationally important species, such as dusky flathead Platycephalus fuscus (Gray et al., 1998; Gray and Miskiewicz, 2000; Gray and Barnes, 2008) , mulloway Argyrosomus japonicus (Neira et al., 1998; Silberschneider and Gray, 2008) , snapper Pagrus auratus, luderick Girella tripuscpidata, mullet Mugil cephalus, sand whiting Sillago ciliata (Hannan and Williams, 1998) , and eastern king prawn Penaeus plebejus (Taylor and Ko, 2011) .
The connectivity of estuaries to the coastal zone is influenced by the characteristics of the estuary mouth, tide and wave regime, and freshwater inflow (Potter and Hyndes, 1999; Roy et al., 2001; Gillanders and Kingsford, 2002) . In southern Australia, bars form at the mouths of many estuaries, preventing the recruitment of species with marine spawning grounds to estuarine nurseries. New South Wales (NSW) and the southern coast of Western Australia (WA) contain a large number of intermittently opened estuaries (Young et al., 1997; Potter and Hyndes, 1999; Roy et al., 2001) . These lagoons are often characterized by extensive seagrass cover, which many of the above species utilize as nurseries (Gray et al., 1998; Hannan and Williams, 1998) . In some cases, the presence of a physical barrier, such as a sandy berm, that prevents the passage of species from coastal water into the estuarine nursery may prevent the recruitment of some species to these productive nurseries (Taylor et al., 2005b) .
Subtler limitations to recruitment may arise through variable freshwater flows. Australian estuaries have the most variable freshwater inflow in the world (Finlayson and McMahon, 1988; Gillson, 2011) . Freshwater inflow to estuaries is thought to enhance recruitment for some species (Robins et al., 2005) and, consequently, can lead to subsequent improvements in fisheries production. Freshwater outflow may amplify the chemical signature of the estuary, which pelagic larvae in coastal waters can use to locate the estuary, although this has not been clearly demonstrated. While freshwater flows can directly contribute to variability in spawning and recruitment (Gillanders and Kingsford, 2002) , positive effects may also manifest through increases in estuarine productivity (Loneragan and Bunn, 1999) . The timing and seasonality of freshwater flows in Australian estuaries and the consequent ecological processes may enhance recruitment through a match-mismatch mechanism (Cushing, 1990) . Increased primary and secondary production may be mediated by increased nutrients input and an enhanced salt wedge that accompanies fluvial flows (Aleem, 1972; Loneragan and Bunn, 1999) . This, is turn, may allow larval and juvenile fishes to grow faster and rapidly transition through vulnerable lifehistory stages, thus improving survival (Grimes and Kingsford, 1996) . The current theory and evidence suggests that a reduction in the freshwater flow may contribute to recruitment limitations through a number of mechanisms, not all of which are clear (Robins et al., 2005) . Clearly, a mechanistic understanding of the ecological factors that link rainfall and climate to populations of estuarine fishes would assist in targeting releases of fish to locations and times where recruitment is more likely to be reduced.
Finally, recruitment limitation may arise as a result of coastal oceanographic processes. Discontinuities in oceanographic regimes have been shown to contribute to the recruitment of species with a pelagic larval phase (Navarrete et al., 2005) . In the waters off both eastern and western Australia, the recruitment of species that require oceanographic currents for transport from source to sink areas may be affected adversely by prevailing oceanographic conditions. For example, the eastern king prawn P. plebejus, which spawns mainly north of 28.5
• S (Montgomery et al., 2007) , relies on the EAC for its southward transport to southern nursery areas, such as the coastal lagoons that are abundant in southeastern Australia. The temperature and productivity within the EAC may affect the duration of the egg and larval phases (Preston, 1985) , while the speed of the EAC affects the distance that the species can travel prior to postlarval settlement into estuarine nursery habitats. Similarly, the strength of the Leeuwin Current on the west coast of Australia affects the magnitude and distribution of recruitment of many species. For example, in years of strong Leeuwin Current, the densities of settling western rock lobster Panulirus cygnus are higher, and higher densities are distributed further south, than in years when this current is weaker (Caputi et al., 1996 (Caputi et al., , 2010 Caputi, 2008) .
In general, the relationship between coastal oceanography and the transport and recruitment of commercially and recreationally important estuarine species is poorly known. However, several recent studies have shown the effects of oceanographic variability on the connectivity of species in the EAC (e.g., Booth et al., 2007; Coleman et al., 2011) . The extent of recruitment limitation for most commercially and recreationally important species in Australia is yet to be quantified, but several processes may result in recruitment shortfalls to nursery areas. The coupling of oceanic and estuarine phases of many species and the potential contribution of a suite of environmental variables to successful recruitment and settlement in estuarine nursery habitats may result in matches and mismatches between recruitment and resource availability. Physical barriers to recruitment, such as berms at the mouths of estuaries, however, represent the only situation where recruitment limitation can clearly be demonstrated and likely occurs in such estuaries for many of the above-listed species (e.g., P. plebejus, A. australis, P. fuscus, G. tricuspidata, S. ciliata, P. auratus) . Efforts to understand the recruitment paradigm and better target releases to niches where recruitment is limited should be a priority for future fisheries enhancement research in Australia.
RECENT DEVELOPMENTS IN AUSTRALIAN STOCK ENHANCEMENT, RESTOCKING, AND SEA RANCHING
Marine stock enhancement in Australia commenced in the early 1900s with the release of almost 20 million flounder eggs and yolk sac larvae into estuaries around Sydney, NSW. In the following century, however, few ongoing release programs have evolved. All teleost fish releases in Australia have been confined to semi-open and closed systems, such as estuaries, while invertebrate releases have been concentrated principally in open marine systems. Limited conclusions can be drawn from some research projects because of a lack of a-or superficial-monitoring program of many of these releases. In contrast, several of the larger enhancement research projects included substantial development work and/or were monitored throughout all stages. Some of these projects provide valuable insight into the development, execution, and assessment of stock enhancement in Australia, discussed below in detail. Taylor et al. (2005b) provided an overview of a selection of Australian marine enhancement projects until 2004. Research on the enhancement of fish in Australia has concentrated on species of both recreational and commercial interest and high-level predators that are piscivorous at large sizes (mulloway and barramundi) and more omnivorous species (black bream; Table 2 ). Research on invertebrate releases in Australia has focused mainly on high-value species, such as prawns (i.e., shrimp), lobster, and abalone (Table 2 ). All invertebrate examples below, except the eastern king prawn, were designed to enhance commercial fisheries.
Argyrosomus japonicus in NSW
Mulloway (Argyrosomus japonicus), a sciaenid related to red drum Sciaenops ocellatus, have been the main focus of research in NSW since 1995. Initially, research on mulloway aimed to develop intensive and extensive rearing techniques and assess the feasibility of releasing the fish to address the fluctuations in mulloway populations within coastal lagoons. This research successfully reared large numbers (∼75,000) of mulloway in good condition in 1-ha earthen outdoor ponds. These fish were labeled using an oxytetracyclene (OTC) immersion and released into three shallow coastal lagoons on the NSW coast (<5 m deep, <10 km 2 area). Releases completely failed in two of the lagoons due to emigration and predation; however, fish did survive and recruit to the commercial and recreational fisheries 18 months after release in Smiths Lake, an intermittently closed lagoon, ∼300 km north of Sydney (Taylor et al., 2009) . Fish grew at around 1 mm d −1 regardless of season, and recaptured fish were successfully identified as released individuals by OTC marks in the otoliths of these fish. The initial releases in Smiths Lake were replicated in 2003 and 2004 with little success and negligible recruitment to the fisheries (Taylor and Piola, 2008; Taylor et al., 2009) . The factors contributing to the poor performance of releases in coastal lagoons included poor survival and high emigration, largely caused by the lack of key habitat for juveniles available in coastal lagoons (Taylor, 2007) .
Subsequent research on mulloway releases expanded to enhance recreational fisheries in riverine systems. This research focused on matching release density and techniques to resource availability and the energetic and habitat requirements of mulloway (Taylor and Suthers, 2008) . Stocked mulloway in these systems rapidly adopted the movement and foraging behavior of wild conspecifics (Taylor et al., 2006c; Taylor and Mazumder, 2010) and ultimately recruited to the recreational fishery. Preliminary data indicate that up to 15% of the recreational fishery in the Georges River (33.998
• S, 151.155
• E) may have come from fish released between 2003 and 2008. Release densities were also manipulated to investigate the influence of density on emigration using cohorts of acoustically tagged fish. High release densities contributed to higher emigration rates, but hatchery-reared fish that did not leave the system distributed among patches of the preferred deep-water habitat, regardless of release density (Taylor et al., 2013b) . These releases were complemented by research on the ecological requirements of stocked fish, and this information was used to refine release strategies and synthesized in a trophic model to match resource availability to stocking density (Taylor and Suthers, 2008 ). This trophic model has now been adapted into a generalized format that can be applied to any fish or invertebrate species (Taylor et al., 2013a) .
Black Bream Acanthopagrus butcheri in WA
Hatchery-reared black bream (Acanthopagrus butcheri), a sparid found only in estuaries, have been released in two estuaries in WA since 1994. Preliminary releases into the Upper Swan River investigated the survival, growth, and recruitment to the recreational fishery (Lenanton et al., 1999; Dibden et al., 2000; Potter et al., 2008) , whereas a pilot release in the Blackwood River Estuary provided information for understanding the declined commercial fishery (Potter et al., 2008; Gardner et al., 2013) . The otoliths of two cohorts of black bream released in the Blackwood were stained with alizarone complexone (ALC), a mark that has been retained for more than eight years (Gardner et al., 2013) . The fish were released in two cohorts, with 70,000 approximately 7-month-old hatchery-reared black bream introduced in winter in of 2001 and 150,000 approximately 4-monthold black bream introduced in the autumn of 2002. The second cohort of smaller fish introduced in autumn survived much better than those larger fish introduced during winter. The restocked fish grew nearly as fast as wild fish and reached maturity, although the introduction of restocked fish was accompanied by a reduced growth of wild fish. This observed reduced growth rate appears to be due to the deeper waters of the Blackwood River Estuary, which have become increasingly stratified for long periods, becoming increasingly hypoxic. The resultant reduction in available habitat for fish in this system led to a substantial increase in the density of A. butcheri in these shallow areas as a result of the restocking program, which, in turn, appears to have increased the frequency of competitive interactions and decreased food availability.
The 106 broodstock used for culturing the restocked fish were all from the Blackwood system. Genetic comparisons were conducted using data from seven microsatellite loci and demonstrated that the expected heterozygosity and relatedness of restocked and wild A. butcheri, which is naturally characterized by low levels of genetic polymorphism, were similar, although with the loss of some rare alleles in restocked fish. The culturing process therefore did not increase the level of inbreeding. The biological and genetic results, together with the contribution of restocked A. butcheri to the commercial catch for this species in the estuary rising to 62-74% by 2007-2010, demonstrates the efficacy of using restocking to replenish depleted A. butcheri stocks (Gardner et al., 2013) . The wild catch fishery for black bream in the Blackwood River Estuary, in which the sole commercial fisherman had ceased fishing for this species due to its scarcity prior to the restocking, was effectively rehabilitated (Gardner et al., 2013) . This research has provided a detailed long-term account of the outcomes of the restocking program, which is important for informing future restocking programs in WA.
Barramundi Lates calcarifer in Queensland and WA
Barramundi (Lates calcarifer) have been released in impoundments since 1986, and in open water systems since 1993 (Rimmer and Russell, 1998) . Impoundment releases were undertaken to develop inland recreational fisheries where stocked fish did not reproduce naturally, and over 21 million fingerlings have been released in impoundments. These releases have led to the establishment of substantial inland recreational barramundi fisheries.
Barramundi releases in open systems have developed through an experimental approach over the previous two decades. Initial releases in the Johnstone River in far north Queensland aimed to provide information on survival and cost-benefit and included releases of 110,000 coded-wire tagged fish, 30-300 mm in length, between 1993 and 1999 (Russell et al., 2004) . From the initial mark-recapture experiments, size-at-release did not affect the probability of recapture (Rimmer and Russell, 1998) . However, later releases showed that survival was greatest for 300-mm-long fish, which are costly to produce, in the upper estuary (Russell et al., 2004) . Cost-benefit analyses indicated that to recover the costs associated with the releases, for every 1,000 fish released, 20 fish (2%) would need to be recaptured from a 50-mm cohort, while 98 fish (9.8%) would need to be recaptured from a 300-mm cohort of barramundi. However, the probability of recapturing a barramundi stocked at 300 mm was 29 times higher than recapturing a barramundi that was stocked at 50 mm. Although 300-mm fish were five times more expensive to produce than 50-mm fish, they were nearly seven times more cost effective to stock.
The experience gained from restocking projects in Queensland demonstrated the potentially large economic benefits to the local and state economies and to recreational anglers. For example, barramundi stocking in Lake Tinaroo in Queensland has been estimated to return US$31.6 for each dollar spent. Barramundi release programs in three other Queensland dams have been estimated to give annual returns of between US$1.02 and US$1.53 million per dam (Rutledge et al., 1991) .
In WA, the Ord River in the northern Kimberley region was home to wild L. calcarifer throughout its range until construction started on the Ord River Irrigation Scheme in 1958. The Scheme took 14 years to complete and was officially opened in 1972. The main structure of the Ord River Irrigation Scheme is the Ord River Dam, some 40 km to the south of Kununurra, which stores approximately 11,000 million cubic meters of water in Lake Argyle, making it the largest man-made storage dam in Australia. From Lake Argyle, water is released into Lake Kununurra, which is retained by the second structure of the Scheme, the Lake Kununurra Diversion Dam at the Kununurra Township. Early in the construction period, the free movement of barramundi along the Ord River was restricted. Barramundi larvae require brackish water to survive, so it is assumed that once the fish that were retained within Lake Argyle and in Lake Kununurra had died through old age, predation, capture, or escape, the wild barramundi would naturally occur in the Ord River only below the Diversion Dam wall; that is, the species could no longer recruit into the upper reaches.
Based on the success of the Queensland releases and an evaluation of enhancement opportunities in WA , a project was developed by the Western Australian recreational fishing peak industry body (RecfishWest) to restock barramundi cultured from the Ord River broodstock into Lake Kununurra from 2012 to 2015.
Eastern King Prawn Penaeus plebejus in NSW
The potential for the release of hatchery-reared prawns to address recruitment limitation in coastal lagoons was investigated for eastern king prawns (i.e., shrimp, Penaeus plebejus) in southern NSW coastal lagoons. Approximately 10.5 million eastern king prawn post larvae (∼4 mm carapace length and 12 mm total length) were released into two intermittently open lagoons, Back Lake and Wallagoot Lake, in three separate events (Taylor, 2008; Ochwada-Doyle et al., 2011) . The main aims of this research were to use experimental ecology to optimize release strategies, to use trial releases to assess growth rates of released prawns, and to determine whether sea ranching of the species in coastal lagoons would contribute to the recreational fishery. Releases commenced in January 2007 and concluded in December 2008, providing important information for understanding P. plebejus ecology and strategies to maximize the survival of released prawns. Experimental ecology was used to show that eastern king prawn post-larvae actively selected structured aquatic macrophyte habitat after release (Ochwada et al., 2009) , where their survival from certain predators was higher than on bare substratum . In addition, wild eastern king prawns out-competed stocked prawns for shelter from predators within structured habitat, such as macrophyte beds, but wild and stocked prawns had equal competitive abilities for food within these habitats (Ochwada-Doyle et al., 2012) . Prawns were released at low densities relative to other prawn releases (<5 prawns per square meter; Bell et al., 2005) , and the three stocking events resulted in substantial recreational harvest (Taylor, unpublished data) . This study demonstrated that the release of P. plebejus post-larvae into completely recruitment limited coastal lagoons shows promise for sea ranching in these abundant estuaries on the southern coast of NSW.
Brown Tiger Prawns Penaeus esculentus in WA
Marine releases in WA have focused on invertebrate species and have aimed primarily at the enhancement of stocks (as opposed to primary research). Such releases have included saucer scallops (Amusium balloti), greenlip abalone (Haliotis laevigata), and trochus (Tectus niloticus) in different regions within the state. The largest invertebrate stock enhancement study in WA involved the release of brown tiger prawns, P. esculentus, in Exmouth Gulf ( Table 2) .
The overall long-term objective of the Exmouth Gulf program was to develop release technologies to enhance the prawn trawl fishery by 100 tonnes per year (Loneragan et al., 2003 (Loneragan et al., , 2004 . This objective was developed in consultation among industry, researchers, and managers through a feasibility study and an evaluation of all available information on the ecology and fishery for P. esculentus. This research involved collecting comprehensive information regarding the species, habitat, ecology, and developing genetic markers and novel aquaculture technology for the species (Loneragan et al., 2003 (Loneragan et al., , 2004 Arnold et al., 2006) . The data from previous studies and the enhancement research were used to develop release strategies and a bio-economic model to help focus research for larger scale releases (Ye et al., 2005) . The results from the bio-economic model predicted that a release of 21 million 1-g prawns would produce the estimated enhancement target of 100 t to prawn harvest in Exmouth Gulf and that a release of this magnitude had ∼67% probability of being profitable (i.e., having a cost: benefit ratio of >1; Ye et al., 2005) . Modeling and empirical measurements suggested that the greatest uncertainty to the success of large-scale juvenile prawn releases was the post-release mortality of released individuals and density dependent mortality in the release cohort (Loneragan et al., 2003 (Loneragan et al., , 2004 . The rates of mortality in stock enhancement, such as those presented in the P. esculentus study, are difficult to estimate in practice (Ye et al., 2005) , particularly for highly mobile species in open systems.
These comprehensive studies involved collaboration with researchers from the Commonwealth Scientific and Industrial Research Organisation (CSIRO) and the Department of Fisheries WA, managers in the Department of Fisheries WA, and the MG Kailis Group of companies, which owns all except one of the licenses in the Exmouth Gulf prawn trawl fishery. The progress of the study was reviewed on a regular basis by a steering committee that provided advice and direction for the research (Loneragan et al., 2004) . During this research program, the MG Kailis Group developed novel high-density production methodologies for small-scale production of juvenile tiger prawns (<1 million 1-g juvenile prawns; Arnold et al., 2006) . In the absence of any prawn aquaculture facilities in the region, the next phase of research (large-scale releases of juvenile prawns of ∼ =2 to 3 million prawns) would have required a major investment in the infrastructure for aquaculture production facilities. Based on the results from the revised bio-economic model, declines in prawn prices, and an increase in the Australian dollar reducing the returns for exported prawns, the MG Kailis Group decided not to invest further in tiger prawn stock enhancement. Since then, the price of prawns has not increased, and the Australian dollar has increased further in value. Both these factors lower the profitability of stock enhancement of tiger prawns in Exmouth Gulf, and consequently, this stock enhancement program has not progressed further.
Southern Rock Lobster Jasus edwardsii in Tasmania
Tasmania has undertaken multiple invertebrate stocking projects, mainly on the sea urchin (Heliocidaris erythrogramma), southern rock lobster (Jasus edwardsii), blacklip abalone (Haliotus rubra), and greenlip abalone (Haliotus laevigata). Excluding sea urchins, these projects all included a research component, and currently, scallops and sea urchins are farmed commercially in Tasmania.
Two innovative approaches have been applied to enhance the economic output of the lobster fishery, the most promising fishery for enhancement in Tasmania. First, juvenile J. edwardsii were reseeded in the natural environment to compensate wild populations for the puerulus collected from the wild for aquaculture. Where the survival of puerulus and juveniles in culture is high and production costs low, modeling suggested that reseeding was a cost-effective option for both aquaculture and wild fisheries (Gardner et al., 2006) . Second, the translocation of larger lobsters was examined as an approach to improve fishery production and yield. Some lobsters in shallow water (<30 m deep) are darker red and fetch a higher price than lobsters in deeper water (<30 m; Chandrapavan et al., 2009 ). Furthermore, the growth rate of lobsters decreases with increasing latitude and increasing depth (Chandrapavan et al., 2010) . The translocation of deep-water lobsters to shallow depths, combined with the translocation of wild lobsters from slow-growth to fastgrowth areas, contributed to an increase in economic yield and a benefit-to-cost ratio of up to 5:1 (Gardner and Van Putten, 2008b) .
Greenlip Abalone Haliotis laevigata in WA
Stock enhancement experiments have been carried out on Haliotis laevigata populations in southwestern Australia (Hart et al., 2013a, b, c) . The approaches used in these experiments included a large-scale before after control impact (BACI) experiment (42 sites), a carrying capacity experiment, which involved a high-density release at two sites and a detailed survey of abalone populations and the ecological parameters at the release and control sites. Following the releases, abalone densities increased for most age classes, although fishing mortality began obscuring the effect by age 5+. Age 4+ animals showed the clearest result, with no difference between enhanced and control sites 6, 12, and 18 months post-release, and then a 300% increase at enhanced sites 30 months post-release. Overall, this single release of age 1+ animals in May 2006 had doubled the total density by November 2008. In the carrying capacity experiment, densities that initially increased rapidly (by up to 800%), however, had stabilized at a 400% increase after 2.5 years (2 to 8 per m 2 ), with the enhanced cohort representing 50% of the population. No significant ecological differences were found between the control and the release sites. Hart et al. (2013a, b, c) concluded that the results from these studies suggest that provided release densities are controlled within natural limits and that successful stock enhancement can be attained for this species with minimal ecological impacts.
The research on the above species has contributed to key advances in stock enhancement science. While some findings are species and ecosystem specific, elements of the approaches and innovations, such as the bio-economic and ecological models, and the use of multidisciplinary research and steering committees have more general application to release programs in Australia and elsewhere. Such a framework will be useful for the adaptation of future research projects to employ approaches, techniques, and innovations that have produced positive outcomes in the past.
A FRAMEWORK FOR STOCK ENHANCEMENT, RESTOCKING, AND SEA RANCHING RESEARCH IN AUSTRALIA
Until recently, little attention has been paid to defining clear objectives for producing and releasing juveniles and identifying different stages in the release program (Loneragan et al., 2004; Bell et al., 2005 Bell et al., , 2006 Bell et al., , 2008 . In many cases, releases have been driven from a production imperative rather than from a fisheries management perspective (Lorenzen, 2008; Lorenzen et al., 2010) . As a result, few releases of cultured juveniles have helped to optimize the production from coastal fisheries resources. The most celebrated exception is the stock enhancement of scallops in Japan, although similar success stories are also emerging from China for shrimp, scallops, and sea cucumbers (Bell et al., 2005 (Bell et al., , 2008 .
The definition of the objectives for the release of juveniles requires a strong engagement with stakeholders (Lorenzen, 2008; Lorenzen et al., 2010) . A number of recent studies have adopted this approach in defining the objectives of tiger prawn Penaeus esculentus enhancement in WA (Loneragan et al., 2004) , scallop enhancement in New Zealand (for overview, see Lorenzen, 2008) , blue crab Callinectes sapidus enhancement in Chesapeake Bay (Zohar et al., 2008) , and red drum Sciaenops ocellatus enhancement in Florida (Tringali et al., 2008) . For example, an objective of increasing the catches of tiger prawns in Exmouth Gulf by 25% (100 tonnes) was established by the steering committee for this project (MG Kailis Group, Department of Fisheries WA, CSIRO Marine and Atmospheric Research), and this target helped define the scale of production and releases required to achieve the target (Loneragan et al., 2003 (Loneragan et al., , 2004 . In this program, four discrete stages in the enhancement were identified: (1) evaluating the potential for enhancement, (2) developing approaches and technologies for enhancement, (3) pilot scale enhancement (releases of 1 to 3 million juvenile prawns), and (4) commercial scale enhancement to achieve a 25% increase in catch (releases of 20 million juvenile prawns). Each stage of the research was reviewed externally and by the steering committee before deciding whether to proceed. A similar staged approach is now being recommended for use in evaluating opportunities for recreational fish stock enhancement in WA and has been applied partially in NSW. Prior to commencing releases, a working group should be formed to identify and form the partnerships and collaborative relationships required for the program. The first stage in the program should ultimately include (1) a review of data on the species and stocking of similar species elsewhere to identify knowledge gaps; (2) use of existing information to evaluate the potential for restocking the species in the wild, in the context of stock dynamics, recruitment limitation, and cost-benefit (using a model such as EnhanceFish; Lorenzen, 2008) ; (3) trial techniques for the production, marking, and release of the species and initial quantification of mortality; and finally, (4) release of individuals and evaluating the success of the release with monitoring and modeling. In recreational fisheries, collaboration should be established with anglers to monitor the success of the program (such as the Mulloway Classic, which has run in stocked estuaries in NSW since 2006). Such collaboration and subsequent data generated from the collaboration should contribute to a greater understanding of the program and fish stock assessment in general, and ideally, reductions in the costs of enhancement as strategies are refined.
CHALLENGES FOR STOCK ENHANCEMENT, RESTOCKING, AND SEA RANCHING IN AUSTRALIA
Several challenges remain before Australia is in a position to implement large-scale release programs. First, while aquaculture production in Australia should be able to meet the need for hatchery-reared post-larvae and juvenile stock, the factors described above mean that the costs of stocking are likely to remain high. Furthermore, the requirement for grow-out facilities to rear larger juveniles (where larger juveniles are required) may limit production, depending on the species of interest and the size-at-release. Second, aquaculture of several species, such as barramundi and some species of prawns, is incorporating selective breeding. In these cases, a separate group of mature individuals needs to be maintained or collected for release programs to minimize genetic impacts, and these must collect appropriate numbers of new mature individuals regularly (e.g., Bartley et al., 1995) . The lack of facilities or investment to hold sufficient numbers of broodstock, such as a nominal 100 effective breeders, may hinder the ability of commercial providers to produce fingerlings of appropriate genetic diversity for stock enhancement. In addition, the hermaphroditic protandry of some key species being considered for stock enhancement may further complicate broodstock management (e.g., Pollock, 1985) . Some broodstock management problems, however, may be overcome through the assistance of government or other research agency facilities and the development of broodstock "networks" among commercial providers, meaning that smaller numbers of broodstock are held by individual commercial providers and exchanged among these facilities for spawning events.
Another challenge to stock enhancement and sea ranching in Australia is the lack of current policies for releasing individuals into marine and estuarine waters. Until recently, few policies on stock enhancement and restocking existed, and in some cases, the release of cultured individuals was carried out under broader fisheries or translocation policies (Taylor, 2006) . This impediment to stock enhancement and restocking programs is changing, as some Australian states are currently developing marine enhancement specific policies and strategies. Since most of these policies have not yet been finalized, it is not clear how they will address some of the more contentious issues observed in release programs elsewhere, such as resource ownership and access.
FUTURE OPPORTUNITIES AND CONCLUSIONS
The maturing aquaculture industry in Australia presents many opportunities for enhancement and restocking projects in the future. Government aquaculture/fishery research institutes are likely to provide the majority of the facilities and expertise for these projects across Australia in the near term, since private facilities are unlikely to have the space or time for the production of juveniles for release programs without further investment. A healthy and profitable private aquaculture sector is needed to justify continued investment by government in aquaculture research. In addition, as many of the species suitable for enhancements in Australia are also sought after by industry (e.g., barramundi, brown tiger prawn, abalone), and private industry groups are pursuing genetic improvement programs, it is unlikely that industry facilities and "improved" broodstock bred for fast growth and marketable traits would be suitable for release programs in Australia into the future.
The burgeoning recreational fishing industry (Henry and Lyle, 2003; DAFF, 2011) , and the implementation of fishing licenses in some Australian states, provides an unprecedented opportunity for investment in fisheries release programs, including stock enhancement, restocking, and sea ranching. In NSW, ∼US$12.24 million in revenue is generated from fishing license fees, and expenditure is largely controlled by anglers and centers around activities contributing to "the delivery of effective programs to improve recreational fishing opportunities in NSW" (NSWDPI, 2010, p. 1) . In NSW, the current investment plan for license fees has allocated US$306-408,000 per year until 2013 for the development of a fisheries management strategy for marine stocking, an associated environmental impact assessment, and the subsequent implementation of a marine stocking program. Smaller license revenues are also generated in WA and Victoria, and anglers provide the priorities for the expenditure of license fees on conservation and release programs.
For example, two recreational fishing clubs based in the city of Mandurah (80 km south of Perth) have jointly submitted a snapper Pagrus auratus stock enhancement proposal to the WA state government for funding. This project proposes the collection of naturally spawned and fertilized snapper eggs from spawning aggregations of snapper in Cockburn Sound (Fremantle, WA), to maximize the genetic integrity of the stocked juveniles. In addition, the potential for enhancing mulloway A. japonicus stocks is being investigated by the WA Fish Foundation, a group concerned primarily with the survival and productivity of endemic fish species in WA.
Not all states in Australia have introduced license fees for recreational fishing and developed strategies to support release programs such as those for NSW and WA. In Queensland, for example (a state that lacks a recreational fishing license), several constraints limit participation in recreational fishing. These include both access limitations (crowding of facilities) and resource limitations (lack of time and money; Sutton, 2007) ; which has ultimately contributed to a 7.5% decline in the participation rate in recreational fishing over an eight-year period (Higgs and McInnes, 2003; Sutton, 2007) . Efforts to improve access remain a priority at the national level (RecFish, 2009; DAFF, 2011) and may act to enhance the effectiveness of fish releases. Clearly, the environmental impacts of angling as a whole also need to be considered alongside efforts to develop recreational fishing (McPhee et al., 2002) .
In general, popular media report regularly on widespread support for marine fish releases in the recreational fishing community, and the development of stock enhancement, restocking, or research are identified frequently as priorities for recreational fisheries managers (Anonymous, 2001; Cowx, 2002; Sawynok, 2006; RecFish, 2009) . Reconciling this priority and the associated investment with both the need for fish releases and a responsible approach to fish releases (Blankenship and Leber, 1995; Lorenzen et al., 2010) can be achieved through the application of the staged framework proposed here, by building on previous experience, and by developing appropriate policies for enhancement, restocking, and sea ranching. In addition, where stock enhancement, restocking, or sea ranching is funded by government or fishing license trust funds, it important to address access issues to ensure an adequate spread of the benefits from the releases. Finally, at all stages of the process, scientists and managers should not lose sight of the fact that recruitment limitation remains the theoretical basis underlying stock enhancement, restocking, and sea ranching; and this clearly needs to be addressed in a more quantitative fashion.
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